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Kinetic characteristics of crystallization in prototypes of human blood plasma

This paper presents the results of studies on the kinetics of nucleation and growth process of crystals in solu-
tions simulating the composition of human blood plasma. By using optical density, conductivity and pH rang-
es of the identified properties of the system that simulates the blood plasma, depending on the
supersaturation: 3—15, 15-30, 30-90. The order and the constant nucleation (n = 1.6; k = 88.61) calcium
phosphate forming in model solution of blood plasma. A comparison of model types crystallization solutions
for plasma systems with different initial supersaturation. And the presence of octocalciumphospate calcium-
deficient hydroxyapatite in the composition of the sediment was found. It was found that when the
supersaturation changes the composition of the precipitate — calcium octophosphate in converted into hy-
droxyapatite. The influence of some inorganic (magnesium ions) and organic (alanine and glucose) additives
on the crystallization kinetics of human plasma prototype was shown.

Keywords: kinetics of nucleation and crystal growth, solution of blood plasma, order and constant reaction,
inorganic and organic additions, supersaturation, calcium phosphate.

Introduction

Crystallization processes of slightly soluble compounds have always attracted the attention of research-
ers [1, 2]. Interest in the study of these compounds due to the fact that they are part of the pathogenic and
minerals are human diseases such as arteriosclerosis that is disease associated with the deposition of calcium
salts in the blood vessels. This disease is the second of the prevalence of all sclerotic lesions of blood vessels
after atherosclerosis. That's why researches of the Pathological Cardiovascular Deposits (PCD) possess high
priority nowadays. Structure and chemical composition of PCD themselves have been already reported in a
considerable amount of papers. It is common knowledge now that PCD consist of mineral and organic com-
ponents [3—5]. Main mineral of the PCD is carbonated hydroxyapatite [5—11], but other minerals like
Mg-containing whitlockite (B-TCMP) or calcite can also be presented [12]. PCD apatites as other biological
apatites are non-stoichiometric, with high amount of Na*, Mg®" and vacancies at Ca sites, carbonate- and
hydrophosphate ions at PO, sites and with water at OH™ sites [4]. Their crystallite size are about 20—60 nm
[5, 12].

Furthermore, the study of these compounds is of interest for the synthesis of the promising biomaterials
[13]. Information about the crystallization of pathogenic and necessary for human body slightly soluble
compounds from biological fluids is very few in number [14]. The main difficulty of the study of such sys-
tems is their composition. Biological fluids consist of inorganic and organic compounds [15].

For example, blood plasma is the link between all located outside the blood vessels fluids, that is why it
was chosen as a model environment. Blood is liquid tissue in the body carries out transportation of chemi-
cals. In addition, blood performs a protective, regulatory, and other thermoregulatory function.

The plasma occupies 55-60 % of blood volume. Plasma contains 90-91 % water and 9-10 % of dry
substance. Low molar mass organic compounds (urea, uric acid, amino acids and so on) are very large and
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complex structure of protein molecules, partially ionized inorganic salts is among the substances dissolved in
the plasma [15].

Percentage of pathogenic mineral formation in the blood vessels and heart valves increased in recent
years. This is due to several factors as exogenous and endogenous nature [1, 16]. Therefore, the study of the
processes of crystallization of poorly soluble compounds formed in the human body for the purpose of pre-
vention and disease prevention is a promising area of research.

The purpose of the research is to study the kinetics of crystallization from simulated solutions of human
blood plasma under near physiological conditions.

Materials and methods

The solutions containing ions, which joint presence does not yield in slightly soluble compounds, were
used to study the crystallization of a solution simulating the composition of human blood plasma [15].

The choice of the initial reagents and their ratio in the solution was determined so that the concentration
of ions and the ionic strength of the solution were as close as possible to the given parameters of the simula-
tion system. Supersaturation was obtained due to the chemical reaction (1), which was realized through mix-
ing the solutions of slightly soluble compounds of calcium chloride and hydrophosphates of ammonium and
potassium in a crystallizer.

CaX2 + MQHPO4 + 2H20 — CaHPO42H20l +2MX (1)

The initial reagents were salts of analytical and reagent grades and distilled water. For each series of the
experiments, the solutions containing cations and anions, which joint presence does not form slightly soluble
compounds under these conditions, were prepared. In each series of the experiments, the pH values were cor-
rected to physiological pH (from 7.0 to 8.0 £ 0.01) by adding a 20 % solution of NaOH (KOH) or HCI (con-
centrated). After mixing equivalent volumes of solution, the following parameters were determined: induc-
tion periods, optical density, electrical conduction and calcium concentration in solution. Following
supersaturation: 5, 10, 20, 30, 40 were selected for kinetic studies. This is based on data obtained by determin-
ing the induction period. The pH was varied from 7.0 to 8.0 in increments of 0.1 during the subsequent experi-
ments.

To study the influence of inorganic and organic compounds the following components were added to
the simulation system (Table 1) in physiological concentrations and exceeding their pH.

Table 1
Concentrations of variation of the studied additions
Substance Concentration, mmol/l
Conys Cohys*50 Conys¥100
Lactic acid 1.15 57.5 115
Glucose 4.55 227.5 455
Citric acid 0.125 6.25 12.5
.. Conys ™2 Conys™4 Conys¥6
Magnesium ions 19 3.8 57
Substance Concentration, mol/l
Conys Conys ™50 Conys 100
Alanine 0.495 24.75 49.5
Glycine 0.250 12.5 25

The visual method to measure the induction periods was used to determine the parameters of nuclea-
tion. The regulation of the nucleation process was carried out by observing the uniformity of conditions of
mixing. The time of the turbidity of solutions was determined with a stopwatch, 4-5 parallel measurements
were performed for each concentration. The obtained data were processed using equation [17]. The depend-
ence of the induction period on supersaturation enables to experimentally determine the free surface energy
of the forming nucleus. The value ¢ was found by equation [17].

The crystallization rate was assessed by different methods (turbidimetric, potentiometric). The meas-
urements were carried out with KFK-2, and distilled water was used as a blank reagent. The measurements
of the optical density of solutions were made at a wavelength A = 670 pm in Baly tubes with light path
/=2.007 cm. Three parallel measurements were made for each experiment. The error did not exceed 5 %.
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The potentiometric method (ionomer «I-150-MI») was used to study partial dependencies of the kinet-
ics of crystallization by deposit-forming ions (calcium ions). The calcium ions concentration in the crystalli-
zation process was determined by the direct potentiometry method using an ion-selective electrode. The crys-
tallization was conducted in a temperature-controlled solution at 25 £ 0.5 °C. The potential in the sample so-
lution was measured after certain time periods, and the concentration of Ca*" ions was determined using the
calibration curve. This experiment was repeated three times. The measurement error was 5—10 %.

In solid phase the end of the experiment filtered, dried and analyzed by X-ray diffraction analysis
(XRD) qualitative and quantitative phase analysis. XRD was conducted with the Bruker D8 Advance X-ray
diffractometer (Germany) in monochromate Cu-k, radiation. The qualitative analysis of the phase composi-
tion of the sample was carried out by comparing the experimental values of the interplanar spaces and rela-
tive intensities of the diffraction peaks with a set of corresponding values for each of the proposed phases in
the international database obtained by powder diffractometry PDF-2. IR spectra of the precipitates were rec-
orded on a spectrophotometer FSM-2202. The scanning range was 400—5000 cm™, the resolution was 8 cm™.
The samples were prepared by compression into tablets with KBr. The surface morphology was studied us-
ing optical microscopes MBS-9.

The statistical data processing was carried out using software StatSoft Statistica 6.0.

Results and discussion

1. Nucleation parameters

As the result of the research of the dependence of the induction time on supersaturation (Fig. 1), it is es-
tablished that the curves are not linear and consist of three parts: for higher supersaturations, the induction
times are very small; for average supersaturations, the induction times range from several seconds to several
minutes; and for small supersaturations, the induction times increase rapidly, tending to infinity. This regu-
larity can be explained by the fact that with the increase of supersaturation, the concentration of deposit-
forming ions increases. The obtained values of the induction periods were used to calculate the overall order
of the reaction by the graphical method [18]. The value of the order indicates the number of particles that
make up the composition of the nucleus, and the constant value e characterizes the total number of the
formed particles [18].
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Figure 1. Dependence of the induction period on supersaturation in simulated solutions of blood plasma

In the first section of the induction time is changing quickly. In the third section the induction does not
depend on the degree of supersaturation of the system and is practically unchanged.

Calculated overall reaction order is fractional and is equal to 1.62+0.11. The set value of the rate con-
stant was 87.09+0.68 mole"l™s™. It is well known that a value of the order indicates the number of particles
entering into the embryo, and the constant value describes the total amount of particles formed [17].

The specific surface energy was calculated according to the Gibbs-Volmer theory based on the data of
dependence of the nucleation on supersaturation [19]. As a result, it was discovered that at low
supersaturation, specific surface energy is low, and at high supersaturation, it increases (Table 2). This points
to the fact that with the increase in supersaturation, the transition from heterogeneous nucleation of crystal-
lites to a homogeneous one is observed. Herewith, a smaller value of the specific surface energy is «effec-
tiven, reflecting the adhesion of the nucleus in the active centre.
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Table 2
Dependence of the nucleation parameters from the supersaturation
S Induction period, s | 6, mJ/m> | Rgy, nm
3 Stable system 0.52
5 10.56 0.35
10 8.48 2.2 0.24
15 5.02 0.21
20 3.54 0.21
30 0.92 24 0.18
40 0.80 0.17
50 0.70 0.20
60 0.52 32 0.20
70 0.10 ’ 0.19
90 0.06 0.18

On the basis of the thermodynamic model of nucleation and the calculated value of the specific surface
energy, the size of the critical nucleus can be calculated according to equation (4) [17]. The nuclei with a size
greater than the critical one are capable of further growth since their free energy decreases.

S 20 . )
RTInS

The obtained results show that the size of the critical nucleus for two systems is in the range of
3-20 pm, and with the increase of supersaturation in the solution, the size of the critical nucleus reduces,
which is in agreement with the data reported in [17, 19].

It was found that in the simulated solution of blood plasma, the pH variation does not influence the in-
duction periods. In our opinion, this is due to the presence of powerful buffer systems in the blood plasma-
carbonate and phosphate. Additionally incorporated H™ and OH’ ions interact with the components of the
buffer systems, and at that, no significant changes in the pH value and, therefore, in the properties of the sys-
tem can be observed. The values of the constants are independent of pH both in the first and in the second
regions. Thus, the change of pH in the range 7.0-8.0 is found to have no influence on the parameters of the
process of crystallization of the simulated human blood plasma system.

It is known that inorganic and organic additions influence the processes of crystallization in biological
matrixes [19]. In the study of the influence of magnesium ions on the stage of nucleation for two simulation
solutions, it was found that the inhibitory effect of this additive increases as the ion concentration increases.
Effect of the additions on the nucleation rate is shown in Table 3. It should be noted that for blood plasma,
the influence of magnesium ions does not depend on supersaturation. The inhibitory effect of magnesium
ions can be due to the formation of slightly soluble compounds of magnesium — Mg;(PO,), (,PR=13).

Table 3
The magnitude of induction periods when various concentrations of additions (S =10, pH =7.4)

Substance Concentration, mmol/l Induction period, s o, mJ /m? R, NM

1 2 3 4 5
Without additions - 8.48 2.2 0.24
Chys. 2 10.56 0.08
Magnesium ions CpthA*4 15.52 1,7 0.08
Cohys. 6 23.22 0.06

Cohys. 5.24 —
Lactic acid Cphvs,*SO 15.65 3,2 0.21
CpthA*IOO no precipitation 0.17

Cohys. 10.26 —
Citric acid Chys. 50 17.41 2,5 0.16
Comys. 100 no precipitation 0.14

CthsA 375.48 _
Glucose Chys. 50 461.94 2,1 0.14
Cohys. 100 737.21 0.12
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Continuation of Table 3

1 2 3 4 5
Conys. 365.24 —
Glycine Conys. 50 368.32 0,6 0.37
Cyhys. 100 365.94 0.31
Coys. 384.41 _
Alanine Conys. 50 626.39 2,3 0.15
Cis. 100 925.58 0.13

Thus, it is experimentally found that all of the selected additions effect on the nucleation step, namely,
reduces the nucleation rate. By comparing the effect of additions, they can be ranked in a series to reduce the
effect on the induction time: alanine > glucose > glycine > citric acid > lactic acid > magnesium ions.

In our opinion, organic supplements can provide two-way influence: organic molecules may adsorb on
the surface of the formed crystals, thereby poisoning their growth and slowing growth; they can form sus-
tainable integrated compound with calcium ions.

2. Kinetics of crystallization

To study the kinetics of crystal growth, a range of supersaturation was selected and the kinetic curves
were taken (Fig. 2). In all the observed dependences for both considered systems, two distinct parts can be
observed: first section corresponds to the increase in the number of particles in the volume; second section
corresponds to the growth of the formed particles.
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Figure 2. Example of the kinetic curves

The order reaction was determined by the graphical method for each of the sections (Table 4). Both for
the first and for the second sections, the order is equal to zero which is characteristic of ion-exchange
heterogenous reactions that occur in the solution.

Table 4

The crystal growth rate constants, depending on the pH and supersaturation

Section | Supersaturation | Order | A*10°, mole/l*s
5 18.36
10 6.50
1 20 0 6.60
30 6.90
40 6.85
5 4.45
10 0.20
2 20 0 0.25
30 0.15
40 0.15
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The rate constants were found. The calculations showed that for the first section, the rate constant is by
an order of magnitude greater than for the second section for all considered supersaturations. The observed
dependences and statistical processing of data indicate that an increase in supersaturation over 10, it does not
influence significantly the magnitude of the rate constant. In our opinion, this is due to the high content of
deposit-forming components: their concentration is so high that the expenditure of concentration on the for-
mation and growth of crystals does not affect their contents.

Experimental dependence and statistical processing of data indicate that the increase in supersaturation
ceases to significantly influence the value of the constant. This, in our opinion, due to the high content of
sediment-components: their concentration is so high that the rate of formation and the growth of crystals do
not affect their concentration.

It is noted that the dependence of the constants on the pH, and the supersaturation but the order of the
values of the constants are not much different.

In our view the pH dependence of the constants associated with finding a form of phosphate ions in the
solution. Hydrogenphosphate and dihydrogenphosphate ions present in the range of pH 7 to 8, therefore cal-
cium octophosphate (pH 5.5-7.0), calcium-deficient hydroxyapatite (pH = 6.5-9.5), and amorphous calcium
phosphate (pH = 5-12) can crystallize in this pH range. This confirms the complexity of the processes.

To compare the crystallization processes that occur at different supersaturations, the value of the effi-
ciency of the crystallization behavior (conversion o) was used [18]. The second section is of greatest interest
in the study of kinetic curves (Fig. 2). It corresponds to the crystal growth, so it was used to calculate the
basic kinetic characteristics. The order of the rate constant (for the second stage) obtained in the experi-
mental data processing is shown in Table 5.

Table 5
Kinetic characteristics of the crystallization process in blood plasma
Supersaturation, S Order Rt R, 1gK®
5 0.59+0.12 0.6585 | 2.56+0.20
10 0.58+0.14 0.7641 | 2.01+0.35
20 0.46+0.11 | 0.514 | 0.8035 | 2.00+0.53
30 0.41+0.17 0.6367 | 2.04+0.58
40 0.324+0.09 0.8452 | 2.00+0.46

The analysis showed that the particular order by calcium ions for simulated systems does not exceed a
unit; this value is typical of the systems where heterogencous nucleation and further growth prevail. The so-
lutions with supersaturation were used to study the influence of various additions on the stages of crystal
growth: blood plasma S=10. The data processing showed that the order for the systems in the presence of
additions, as well as for the system in the absence of additions is less than a unit. The value of the rate con-
stant is less than that for the system in the absence of additions.

The constants of the order of the reaction and the rate is determined by the graphical method for obtain-
ing kinetic curves. The equation for the second-order reaction describes the growth kinetics in studied system
most adequately. Accordingly, the rate constant was calculated (Table 6).

Table 6
The rate constants of crystal growth in the presence of additions
Substance Concentration | Rate constant, 1/s*10°

Without additions - 37800
Cohys. ¥2 5.00
Magnesium, mmol/l Conys. *4 5.00
Cohys. *6 5.00
Cohys. 2.50
Alanine, mol/l Cohys. *50 3.33
Conys. ¥100 5.00
Cohys. 1.67
Glucose, mmol/l Cohys. *50 3.33
Conys. ¥100 16.7
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Magnesium ions, at concentrations of five or ten times exceeding the value of biological pH, reduce the
rate of crystallization proportionally to the increase in the content of this component, but herewith do not
influence the corresponding constants and the order. If the concentration fifteen-fold increases, not only the
rate of crystallization, but also the constants in each of the plots decrease. Glucose enhances the rate of crys-
tallization in the simulated solution of saliva, and its effect appears for both studied stages. This may occur
because of the formation of complex compounds of calcium ions with glucose.

For the simulated solution of blood plasma, it was found that the greater the concentration of glucose
and alanine in the solution, the lower the concentration of calcium ions in solution.

Comparing the influence of additions on the nucleation phases and on the crystal growth, it should be
noted that the effect is more distinct at the stage of nucleation.

The pH of the solution plays an important role in the formation of a mineral component from the
biolifluid prototypes. It is known [20] that in a three-component system Ca(OH),—H;PO,—H,O, can be found
eleven known unsubstituted calcium phosphate with atomic ratio of Ca/P in the range 0.5 and 2.0. The most
important parameters are the value of the atomic ratio of Ca/P, basicity/acidity and solubility. These parame-
ters strongly depend on the pH of the solution. The lesser the value of Ca/P, the more acidic and water-
soluble calcium orthophosphate is. Due to the three-fold ionic equilibrium in the solution containing phos-
phate ions, the pH change leads to the change in relative concentrations of the four polymorphic forms of
phosphoric acid, and hence, the chemical composition and the amount of calcium orthophosphate, which are
formed as a result of direct deposition.

In the study of kinetic regularities depending on the pH, we found that as pH grows, the order and the
constant of crystallization remain the same, but the rate of the deposit formation changes. Thus, at the
pH=6.80+0.01, the rate of crystallization in both regions for two systems is reduced on average by 1.3 times,
while as pH increases to 7.1040.01, the rate increases in both stages in 1.3—1.6 times that can be explained
by the predominance of one of the forms of the phosphate ions in the solution.

3. The results of XPA and IR spectroscopy

X-ray diffraction analysis of the synthesized solid phases obtained from the simulated solution of the
blood plasma showed that carbonated hydroxyl-apatite (Cajg..»(PO,4)s.(CO;3),(OH),) and whitlockite
(CagMg(PO,4)s(POs0H)) are found in the deposit. Low intensity and half-width of the diffraction reflections
indicate low crystallinity of the obtained powders (Fig. 3). The crystallite size was estimated from the pa-
rameters of the most resolved peaks, it was 8.2 nm.
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* — the peak of whitlockite; ** — the peak of carbonate hydroxylapatite

Figure 3. The results of X-ray phase analysis of sediments from supersaturation 10
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The diffraction patterns of solid phases, synthesized in the presence of the investigated additions, were
obtained, wherein the peaks on the diffraction patterns of the samples in the presence of additions become
more fuzzy as the additive ratio increases. The size of the crystallites in the presence of additions and without
them was calculated. It was found that the size of the crystallites in the presence of additions decreases by an
order of magnitude. This may be due to the adsorption of molecules on the surface of the faces, crystal face
poisoning and deceleration in growth of the rate of crystallites which is in agreement with the previously ob-
tained kinetic data.

Examination of the samples by IR spectroscopy allows making adjustments to the composition and
structure of the prepared samples. Interpretation of the data was carried out by qualitative identification of
the absorption bands of oscillations groups in the IR spectra of the samples (Fig. 4).

Absorbance

Wavenumber [em™]

Supersaturation — 50; experiment time, weeks: A—2; B—4; C—10; D — 12
Figure 4. Typical IR-spectra of the synthesized apatites

Thus, the composition of the obtained solid phase is detected the mixture of whitlockite and carbonate
hydroxylapatite A-type. It is known that whitlokite is a precursor of hydroxyapatite. Consequently phase
mixture may be formed due to insufficient crystallization time.

The obtained results are confirmed by optical microscopy of the test solutions. With a large
supersaturation inclusions of hydroxyapatite aggregates are well observed in the images (Fig. 5).

Figure 5. Optical microscopy results of supersaturation 5 (a) and 20 (b), 40 (c), increase x120

The obtained results are confirmed by optical microscopy of the test solutions. With a large
supersaturation inclusions of hydroxyapatite aggregates are well observed in the images (Fig. 5).

Cepust «Xumusi». Ne 1(85)/2017 55



O.A. Golovanova

Conclusion

As the result of this research, the crystallization process from solutions simulating the composition of
human plasma under near physiological conditions is studied. The kinetic characteristics of the processes are
obtained: defined order and constant of nucleation; found that with increasing supersaturation transition from
heterogeneous nucleation of crystallites to a homogeneous is observed; estimate the critical size of nuclei;
defined order and constant crystallization; at the nucleation stage and the stage of their growth n = 0.

The influence of a number of additions in biological fluids on the processes of crystallization in the pro-
totype of blood plasma is found. By comparing the effect of additions, they can be ranked in a series to re-
duce the effect on the induction time: alanine > glucose > glycine > citric acid > lactic acid > magnesium
ions.

In composition of the obtained solid phase is detected the mixture of whitlockite and carbonate
hydroxylapatite A-type.
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O.A. T'oxoBanosa

AlaM KaHbI IU1a3MAaCbIHBIH MPOTOTHIITEPiH/Ae KPUCTAIAHYABIH
KHHETHKAJIBIK CHIIATTAMAJIAPbI

OnTHKANBIK THIFBI3ABIK, JIEKTPOTKI3TINTIK >koHe pH KepceTkimTepiHiH KeMeTiMeH KaH IIIa3MachIHBIH
KYpaMbIH YITICYINi JKYHeCiHIH KAacHETTepiHiH IIamaJaH ThIC KaHBIKTBIPHUTYbIHA OallaHBICTBI ©3repy
apanbikTapel 3—15, 15-30, 30-90 aiikpipanapl. KaH rua3machelHBIH YIITi epiTiHAiciHAe maiina OonaThiH
KaybIMil pocdaTTapbIHBIH HYK/ICAUUSIChIHBIH TYPAKTBUIBIFBI XKoHe peTTiniri (n = 1.6; k = 88.61) aHbIKTan b1
bacrankpl mamaziaH ThIC KaHBIKTBIPYJIaphl op TYPJI Kyiienep YIIiH KaH IJIa3MachIHbIH YT epiTiHAUIepiHiH
KpHCTAIJaHy TYpJIepiHe calbICTHIpyIIap >KYPri3ini, TYHOAHBIH KypaMbIHaa (ocdaTThIH OKTOKANBIHNI jKoHE
TaNIIBI-KATBIMN THAPOKCHANATUTTIH Oap eKeHMIri Oenriimi 6oiael. ATaMHBIH KaH IUIa3MaChIHBIH TYNTYJIFa-
CBIHBIH KPHCTJJIaHy KHHETHUKACBhIHA KelOip OeiffopraHukanslk (MarHuii MOHOAPHIHBIH) JKOHE OPTaHUKAIBIK
(aTaHWHHIH >KoHE TIIOKO3aHbIH) KOCIAIaphIHBIH 9Cepi 3ePTTENiM, KOpCeTUI .

Kinm ce30ep: kpuctanmapiblH Taiina 0oy >koHE ©Cy KHMHETHKAchl, KaH IUIa3Machl epITiHIICI, peaKIus
JKBIIJAM/IBIFBIHBIH, PETi )KOHE TYPAKTBUIBIFbI, OCHOPraHUKaIbIK JKOHE OPraHUKAJIBIK KOCIanap, amMa/iaH ThIC
KaHBIKTBIPBLTY, KaJIbIHil (hocharsl.

O.A. T'oxoBanosa

KuHeTnyeckne XapakTepUCTUKH KPUCTAIH3ALUA
B IPOTOTHIIAX MJIA3MbI YeJI0BeYeCKOH KPOBHU

B crarbe mpencraBieHE pe3ynbTaThl HCCIENOBAHUN KMHETHKH HYKJICAI[MX M MPOIecca pocTa KPUCTAIIIOB B
pacTBOpax, MOJCIHUPYIOIINX COCTAB IUIa3Mbl KPOBHU denoBeka. C MOMOIIBIO ONTHYECKOH INIOTHOCTH, DJIEK-
TPOIPOBOAHOCTH M pH BBISBIICHBI MHTEPBaJIbl H3MEHEHHS CBOMCTB CHCTEMBI, MOJICIUPYIOLIEil cocTaB Ia3-
MBI KPOBH, B 3aBUCUMOCTHU OT mepechienus: 3—15, 15-30, 30-90. Onpenenensl NOPSI0K U KOHCTaHTA HYK-
neatmu (n = 1.6; k = 88.61) docdaroB kaiplus, oOpa3yroOMMXCs B MOJCIBHOM PacTBOpE IIa3Mbl KPOBH.
ITpoBeneHO cpaBHEHHE THIIOB KPHCTAIUIH3ALMU MOJCIIBHBIX PACTBOPOB IUIa3Mbl KPOBH ISl CUCTEM C Pa3iIny-
HBIM HCXOJHBIM IIepechimieHHeM. B cocTtaBe ocagka OOHapyX€HO INpPUCYTCTBHE OKTOKambmmiipocdara n
KaNbIUH-Ie(UINTHOTO TUAPOKCHANATUTA. YCTAHOBIICHO, YTO IPH HW3MEHEHUH IEPECHICHNS H3MEHSeTCS
COCTaB 0caika — OKTO(ochaT KalbIys NMEPeXOAUT B THIPOKCHANaTUT. [lokazaHo BIMSHHE HEKOTOPHIX He-
OpTaHNYEeCKHX (MOHOB MarHUs) U OPraHNYEeCKUX (aJaHWHA W TIIIOKO3BI) J0OABOK Ha KHHETHUKY KPHCTAIIN3a-
LIMY IPOTOINTA IIa3Mbl KPOBH YEIIOBEKa.

Kniouesvie criosa: KMHETHKA 3apobllIe00pa30BaHys U POCTA KPUCTAIUIOB, PACTBOP IUIa3Mbl KPOBH, HOPSIOK
U KOHCTaHTa CKOPOCTH DPEaKIMH, HEOPraHWYEeCKHe M OpraHMYecKkue I00aBKH, HepeHacklieHue, (pocdar
KaJIbLHs.
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